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[57] ABSTRACT 

A buffer circuit or output driver can produce a common- 
mode output and maintain fully differential input signals to 
the buffer. The common-mode output is derived by shifting 
the input voltages to the buffer by a threshold amount, 
averaging the shifted input voltages through a resistor 
divider, then again-shifting the resulting voltage to an output 
node of the buffer. The voltages at which the first and second 
shifts occur are equal but in opposite direction. Accordingly, 
the output voltage is at a midscale, average or common- 
mode voltage of the input voltages applied to the buffer. The 
output voltage has sufficient swing head room and is well 
suited for low power applications. The buffer circuit utilizes 
relatively few transistors and only two major current paths 
from the power supply to ground. Accordingly, the buffer 
consumes relatively low amounts of power. All of the critical 
transistors within the buffer are of the same doping type, 
concentration and implant profile to assure the upward and 
downward shifts are substantially equal based on the thresh- 
old voltages of the critical transistors. 

24 Claims, 4 Drawing Sheets 
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LOW POWER BUFFER CIRCUIT AND 
METHOD FOR GENERATING A COMMON- 
MODE OUTPUT ABSENT PROCESS- 
INDUCED MISMATCH ERROR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to an electronic circuit and, more 
particularly, to a buffer circuit and/or method which con- 
sumes minimal power, provides large swing voltages of a 
common mode output, and avoids errors on the common 
mode output arising from processing mismatches of dissimi- 
lar type transistors. 

2. Description of the Related Art 

Buffer circuits (hereinafter "buffers") are generally known 
as having two important applications. Id many instances, 
buffers are used to temporarily store data, thus allowing 
them to compensate for differences in the flow of data or 
differences between the occurrence of events. Buffers can 
also be used to provide significant drive current to relatively 
high impedance load. A buffer can therefore be used as an 
output driver to match differences between loads placed on 
the input and the output of the buffer or driver. Accordingly, 
buffers can sometimes be thought of output drivers, and the 
terms hereinbelow will be interchangeably used. 

Buffers can be implemented as part of an integrated 
circuit. For example, many integrated circuits include a core 
section and an input/output ("I/O") section. The I/O section 
may be arranged near the periphery of the integrated circuit 
to provide additional drive strength to signals forwarded 
from the integrated circuit to possibly another integrated 
circuit. In other examples, buffers are used possibly within 
the core section between subsystems to provide timing and 
drive strength matching between those subsystems. Regard- 
less of its placement, a buffer can be formed as either a 
separate discrete element or within various portions of an 
integrated circuit. 

In some instances, an arrangement of buffers can be used 
to drive an average voltage value upon a load. Referring to 
FIG. 1, a pair of buffers 10 and 12 are coupled to receive 
input voltages \ A and V^, respectively. The input voltages 
are driven by the buffers upon a pair of resistors 14 and 16. 
The resistors can be of the same resistance value to assure 
the output voltage V OUT is near an average of the input 
voltages and V^. Buffers 10 and 12 provide unity gain 
and sufficient current to drive each of resistors 14 and 16 so 
that V OUT is representative of a midscale or average voltage 
value of the input voltages. For example, if V A is 3.0 volts 
and V B is 2.0 volts, then V OUT will be approximately 2.5 
volts. The average or midscale voltage is henceforth referred 
to as the common-mode voltage. 

As clock speeds rise beyond, e.g., 100 MHz, the advan- 
tages of using differential or complementary signals become 
obvious. Noise on the complementary signals is less of an 
issue than if the signals were not complementary since that 
noise is demonstrated as common-mode noise. For example, 
if the voltage at V OLrr increases, then it can be ascertained 
that a positive noise spike occurs on both differential signals 
V A and Vp. That noise can be disregarded if, for example, 
the complementary signals V A and are forwarded to a 
differential amplifier which amplifies a difference in comple- 
mentary voltages and not a neutral or "common" change or 
skew. 

FIG. 2 illustrates one example by which buffer 10 or 
buffer 12 can be implemented with metal oxide semicon- 
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ductor ("MOS") transistors. For example, if the input volt- 
age V A is placed on transistor 20, then node 22 will be one 
gate-to-source voltage ("V g /) amount below V A , or 
Ya-V^. By definition, is equal to VjH-V^j, where V r 

5 is the threshold voltage and Vsat k 1x1 additional voltage 
needed to place the transistor in the saturation region. In 
typical applications, Vgs is essentially equal to V r , espe- 
cially if the transistor at issue is relatively large and therefore 
requires minimal V <S4r amounts. If of transistors 20 and 

10 28 are minimal or are the same, then any differences between 
V^Wj and the output voltage at node 30 is due essentially 
to V r of those transistors. 

The threshold needed to turn on n-channel transistor 20 is 
henceforth referred to as Vj^. Assuming transistors 24 and 

15 26 are active with sufficient bias voltage (N BIAS and P BIAS ) 
respectively, V A -V^ (or, for the reasons described above, 
Ya~ V 72v) al aoc ^ e 22 will turn on transistor 28. Transistor 28, 
being a p-channel transistor rather than an n-channel 
transistor, produces a voltage at the output node 30 of buffer 

20 10/12 equal to V^-V^^+V^. If of the transistor 
pairs are matched or are minimal, then the voltage at the 
output node 30 is proportional to V^-V^+Vj-p. Therefore, 
it is the relative differences in n- and p-channel threshold 
that present a problem, as will be described below. 

25 A typical MOS process requires the n-channel transistor 
regions to be processed (i.e., implanted) at a dissimilar time 
than the p-channel regions. This implies that the n-channel 
area receives not only a dissimilar type of implant but, more 
importantly, a dissimilar concentration and doping profile 

30 (i.e., implant depth) than p-channel areas. As a natural 
consequence of process differences, the threshold values of 
n-channel transistors do not necessarily match the p-channel 
transistors even though matching is warranted during 
design. Any mismatch whatsoever may cause the voltage at 

35 node 30 to not equal the input voltage (V A or V^). 
Accordingly, buffer 10/12 shown in FIG. 2 may not be a 
desired unity gain buffer since threshold mismatch may 
skew the output voltage at node 30 either above or below the 
input amount. 

40 

Referring to FIGS. 1 and 2 in combination, any skew 
whatsoever at the output of buffers 10 and 12 will corre- 
spondingly cause the equal valued resistors to skew the 
common-mode output V OUT . Even though it is attempted 

45 that V OUT be an average of the input voltages, threshold 
mismatching within one or both buffers will cause V ocrr to 
be above or below the midscale, average or common-mode 
voltage value. The problem is compounded when both 
buffers are skewed the same amount upward or downward, 

50 leaving a common-mode value significantly higher or lower 
than what that value should be. 

An attempt to overcome threshold voltage mismatch is 
shown in the unity buffer arrangement of FIG. 3. By tying 
one input of buffers 30 and 32 to the respective output forces 

55 the buffers to be single-ended opamps and the input voltages 
V A and V B to translate upon resistors 34 and 36. In appli- 
cations where the differences between input voltages is 
desired (i.e., high speed applications), then, it would be 
beneficial to maintain both inputs available to receive input 

60 voltages V A and V^. Differences between those voltages can 
be monitored and possibly amplified as a natural outcome of 
the buffer or output driver. 

The arrangements of FIGS. 1 and 3 are not only single- 
ended, but also involve a significant number of transistors 

65 and major current-carrying branches. For example, each 
buffer of FIG. 1, shown in FIG. 2, involves four transistors 
and two major current branches since the bias transistors are 
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maintained fully on. Thus, the common-mode output pro- 
duced by the circuit of FIG. 1 involves a total of 8 transistors 
and four major current branches between the power supply 
and ground. Similarly, each buffer or opamp 30/32 in FIG. 
3 uses approximately 7 transistors and a minimum of 3 
major current branches. This, produces a cumulative of 14 
transistors and 6 major current branches needed to produce 
a common-mode output. Furthermore, the operating range of 
the opamp output is rather limited and the stability of each 
op*amp is compromised due to its internal feedback. 

It would be desirable to produce a unity gain buffer or 
output driver which is not susceptible to threshold voltage 
mis-match between transistors of dissimilar types. The 
improved buffer must also be one which consumes less 
power than conventional buffers described above and which 
involves fewer transistors to achieve a higher density, less 
complex design. Still further, a buffer is needed which can 
produce fully differential outputs having unity gain from 
fully differential inputs. It is desirable that the outputs of the 
improved design have a significantly large output voltage 
range and therefore be more attuned to low voltage opera- 
tion. Accordingly, the desired buffer must produce a consis- 
tent common-mode output voltage with fully differential 
inputs and outputs suitable for high speed applications and 
without the shortcomings described above. 

SUMMARY OF THE INVENTION 

The problems outlined above are in large part solved by 
an improved buffer circuit hereof. The present buffer circuit 
produces a common-mode output which is not susceptible to 
threshold voltage mismatch. This is due primarily to the 
buffer circuit using transistors of the same type connected 
between the input voltage and the common-mode output. 
Additionally, the input voltages can be complementary or 
differential voltages which are forwarded through the buffer 
in unity gain to fully differential output voltages, according 
to one application. Hie improved buffer beneficially uses no 
more than seven transistors and involves only two major 
current branches. Only one buffer need be used between a 
pair of input voltages V A and (e.g., differential pair of 
input voltages) and a common-mode output voltage V OUT . 

According to one application, both the absolute magni- 
tude of each input voltage and the differential between the 
input voltages are monitored and controlled so as to achieve 
a relatively fixed common-mode value. Any noise translates 
to the common-mode output and is disregarded relative to 
the differential signals. Accordingly, the present buffer or 
driver circuit can be used in a phase-locked loop ("PLL/% a 
charge pump or an oscillator. The differential voltages 
applied, for example, to an oscillator for controlling the 
oscillation frequency can be monitored and controlled from 
an application which embodies the present buffer and/or 
driver. 

Broadly speaking, the present invention concerns an 
electronic circuit and, more particularly, a buffer circuit. The 
buffer circuit (or buffer) includes a pair of input nodes and 
an output node. A pair of input transistors having gate 
conductors are coupled to the respective pair of input nodes. 
A resistor is coupled between an intermediate node and each 
of the pair of input transistors, A diode-connected transistor 
is coupled between the intermediate node and the output 
node. Input voltages upon the input nodes control a con- 
ductive path connected between a power supply and the 
resistor. According to one embodiment, each of the pair of 
input transistors operates at the same threshold voltage, and 
a voltage upon the intermediate node is substantially equal 
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to an average of voltages upon the input nodes minus the 
mutual threshold voltage of the pair of input transistors. A 
voltage upon the output node is substantially equal to the 
sum of a voltage upon the intermediate node and a voltage 

5 across the diode-connected transistor. The voltage across the 
diode-connected transistor is substantially equal to the 
mutual threshold voltage of the pair of input transistors. 
Accordingly, a threshold voltage of one of the pair of input 
transistors (the other threshold voltage being the same), and 
the matching of the diode-connected voltage drop to that 
threshold voltage assures the voltage on the output node is 
equal to an average, midscale or common-mode voltage of 
a pair of input nodes. 

According to yet another embodiment, the buffer circuit 
includes first and second input transistors, each of which 

15 include a gate terminal and a source terminal. First and 
second resistors are coupled to the source terminals of the 
respective first and second input transistors. A diode- 
connected transistor is coupled between the first and second 
resistors and an output node. A voltage across the diode- 

20 connected transistor substantially equals a difference 
between the voltage upon the gate and source terminals of 
either the first or the second input transistors. Since the first 
or second input transistors preferably have the same thresh- 
old voltage, it makes no difference which input transistor 

25 threshold, or gate-to-source voltage, is used to match with 
the voltage drop across the diode-connected transistor The 
output node of the buffer circuit is adapted to produce a 
midscale voltage minus the difference between the voltage 
upon the gate and the source terminals and the voltage across 

30 the diode-connected transistor. The sum of the voltage 
across the gate and source terminals and the voltage across 
the diode -connected transistor cancels one another, leaving 
the output node at the common-mode value. Preferably, the 
first input transistor, second input transistor, and the diode- 

35 connected transistor are of the same doping type (i.e., either 
n-channel or p-channel transistors). 

The present invention yet further concerns a method for 
producing a common-mode output from a pair of input 
voltages. The method includes shifting downward each of 

40 the input voltages by a threshold voltage associated with an 
input transistor adapted to receive one of the pair of input 
voltages. The downward-shifted input voltages can then be 
averaged, and the averaged value can be shifted upward by 
an amount at least equal to that by which the input voltages 

45 were shifted downward. The average, downward -shifted 
input voltage comprises a common-mode voltage reduced 
by the downward-shifting step. The upward shifting of the 
averaged downward-shifted input voltages produces the 
common-mode output. Preferably, the upward shifting is by 

50 an amount equal to that by which the input voltages were 
shifted downward. Alternatively, the upward shifting is by 
an amount greater than that by which the input voltages were 
shifted downward. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the invention will 
become apparent upon reading the following detailed 
description and upon reference to the accompanying draw- 
ings in which: 

60 FIG. 1 is a circuit diagram of a pair of buffers coupled, 
according to one example, to achieve a common mode 
output voltage from a pair of input voltages; 

FIG. 2 is an exemplary circuit diagram of possibly one of 
the pair of buffers in FIG. 1; 

65 FIG. 3 is a circuit diagram of a pair of buffers coupled in 
unity gain, according to another example, to achieve a 
common mode output voltage; 
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FIG. 4 is a circuit diagram of a buffer shown, according bar). Note herein, PU bar is complementary to PU, and PD 

to one application, coupled to a correction unit and a charge bar is complementary to PD. At times when the pump up 

pump for controlling the common-mode output from the (PU) signal is at a logic high level and pump down (PD) 

buffer due to feedback from the charge pump to the buffer; signal is at a logic low, then the voltage at node 64 will 

FIG. 5 is a circuit diagram of the buffer possibly shown 5 increase while the voltage at node 62 will decrease. The 

in FIG. 4, according to one exemplary embodiment; converse is true if PU is low and PD is high. Transistors 66a 

FIG. 6 is a circuit diagram of a series of inverters coupled ^S* 1 66d receive * e various PU and PD signals, and 

as an oscillator, wherein the differential of the input voltages resist015 68(2 and 6Sb 0* wcU ™ capacitor 69) receive and 

about the common mode value derived from the feedback somewhat retain the voltage upon nodes 62 and 64. The 

arrangement in FIG. 4 determines the frequency of the 10 charge "pumped" to capacitor 69 can then be presented back 

oscillator according to another application of the buffer of to buffer 42 > shown - 

FIG. 5* If, for example, V A is equal to 2.0 volts and V B is equal 

FIG.' 7 is a graph of the differential input voltages and 10 10 > then a common-mode output of buffer 42 will equal 

common-mode output voltage of the present buffer plotted 15 volts - If the reference common-mode voltage is at 2.5 , 

as a function of the voltages applied to the input terminals; 15 theD transistor 52 will source less current than transistor 54. 

anc j This allows a greater amount of current through transistor 

HG. 8 is a circuit diagram of the buffer possibly shown 50 - ™ at ^ be -nirrored through transistor 58 to 

in FIG. 4, according to another exemplary embodiment. m « 6ase , «•», ch f ^ 6 ^ ^ clt E' 69 . d e P c ndmg . on . ,he 

' . , , • voltage level of PD and PU. When PU and PD are placed in 

While the invention may be modified and have alternative 20 a „ char ^ n ^, volt , tatc an ^ occur in v or 

forms specific embodiments thereof are shown by way of y which win eventua u achieve , oommolHn ode output 

example in the drawings and will herein be described in fr £ m buffer 42 d tQ y of 2 5 vdls 

detail. It should be understood, however, that the drawings , , '-""* 

and detailed description thereto are not intended to limit the ?» feedback to™ ctaige pump 46 to buffer 42 insures 

invention to the particular form disclosed, but on the 25 a stable common mode output from buffer 42 substan iaUy 

contrary, the intention is to cover all modifications, equiva- t0 v «»r Buffer 42 therefore serves not only to 

lents and alternatives falling within the spirit and scope of P, r ° v > de » common-mode voltage but through feedback 



the present invention as defined by the appended claims. 



node between resistor 74 and 76 is deemed an intermediate 
node 86 to which a diode -connected transistor 78 is con- 
nected. 



and to be forwarded to 
another circuit or load placed on circuit 40. According to one 

DETAILED DESCRIPTION OF PREFERRED example, the input voltages can be complementary voltages 

EMBODIMENTS 30 with a common mode output equal to V COA/ . Thus, FIG. 4 

^ __ . i . • *n • * illustrates one application by which common-mode output is 

Turning to FIG. 4, an electronic system 40 is shown j • i_i * ucr j • 

xuiuuig * * , j desirable from a buffer or driver circuit, 

incoiporatmg a buffer and/or output driver 42. Circuit 40 _,_ . .„ . , A 1 . £L - rt . 

may be part of an integrated circuit involving possibly H f - 5 d J us ( ? ate f, a «rcmt-level diagram of buffer 42. It u 

numerous other circuits on a monolithic substrate. 35 noted that buffer 42 can be used m niimerous apphcanons, 

Alternatively, circuit 40 can encompass the entire integrated ^erUunly no limited to that shown in FIG 4. Specifically, 

circuit. Input voltages V A and V B to buffer 42 can be buffer 42 mdudes apair of mput^tors70and 72. Apair 

complementary for differential voltage signals. Associated °f equal-value resistors 74 and 1 76 are further included. A 
with circuit 40 is a correction unit 44 and a charge pump 46. 
The combination of buffer 42, correction unit 44, and charge 
pump 46 formulates a feedback system which can stabilize 

the input voltages as differential signals having unity gain Specifically, the gate and drain terminals of transistor 78 

from input to output. Most importantly, the output voltages are mutually connected. Preferably, transistors 70, 72 and 78 

serve not only as input voltages to drive buffer 42, but also ™ of the same dopant type. In the example shown, tran- 

to drive any load to which circuit 40 can be connected. That 45 sistors 70 > 72 ^ d 78 are n - channel transistors, each having 

load may have a significantly high input impedance which the same turn-on threshold V m . Since the n-channel tran- 

nonetheless can be driven by a relatively high current output sistors are concurrently formed, the dopants used in the 

from circuit 40. Correction unit 44 includes a pair of channel and junction areas are of identical concentration and 

p-channel, diode-coupled transistors 48 and 50. Transistors are implanted at the same energy. This assures that the 

48 and 50 are coupled in parallel between a power supply 50 threshold voltages of the n-channel transistors are all the 

and parallel-coupled, n-channel transistors 52 and 54. same. 

Depending on the voltage value produced from buffer 42 Coupled to the mutually connected drain and gate termi- 

relative to a reference voltage (V COA/ ), the current through rials of transistor 78 is an output node V ol/r . Further coupled 

transistor 52 may be less than or greater than that through to the mutually connected gate and drain is a first bias 

transistor 54. Currents through transistors 52 and 54 are 55 transistor 80. Unlike the n-channel transistors 70, 72 and 78, 

sourced by a current source 56 coupled to ground. bias transistor 80 is a p-channel transistor having a gate 

Merely as an example, reference voltage V COM can be set terminal connected to a relatively constant reference voltage 

at 2.5 volts. If the output from buffer 42 exceeds 2.5 volts, labeled P BIAS . Coupled to input transistors 70 and 72 are 

then a majority of the current within current source 56 will second bias transistors 82 and 84. Transistors 82 and 84 are 

be forwarded through transistor 52. This will cause a rela- 60 n-channel transistors having a source terminal connected to 

tively small amount of current to be forwarded through ground, and a gate terminal mutually connected to a rela- 

transistors 50 and 54. The current within transistor 50 is tively constant reference voltage labeled as N^^. 

mirrored to transistor 58 of charge pump 46. Thus, the Input transistors 70 and 72, as well as second bias 

relatively small, mirrored current within transistor 58 will transistors 82 and 84, have relatively large gate widths 

contribute, along with current source 60, to pump up or 65 compared to first bias transistor 80 and diode-connected 

down nodes 62 and 64 depending on the logic state of the transistor 78. Transistors 82 and 84 can be thought of as 

pump-up (PU/PU bar) and the pump-down signal (PD/PD source-follower transistors of differential input transistors 
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70 and 72. The output is coupled to the inputs through a transistor 78 will shift that averaged difference by one 

resistor divider network 74 and 76. Carefully matching threshold to yield an average, midscale or common-mode 

resistor 74 to resistor 76 ensures intermediate node 86 voltage of (V A +V^)/2. Since is greater than V^, more 

receives an average, midscale or common-mode voltage of current will be drawn through transistor 70 than through 

the input voltages reduced by a gate-to-source voltage, 5 transistor 72. The current into transistor 70 will be supplied 

essentially a threshold voltage, or an amount proportional to by transistor 82. For example, almost all the, e.g., 25.0 

a threshold voltage. It is the threshold voltage, however, that microamps will be supplied, with lesser amount of current 

provides the variance of interest and therefore it is the supp h c d from transistor 84 through resistors 74 and 76. The 

threshold voltage V m of either n-channel transistor 70 or 72 ammmt of actional current supplied by transistor 84 to 

that essentially establishes the voltage of interest on inter- 1Q transistor 70 (and consequently taken away from transistor 

mediate node 86. Since the threshold voltages of transistors _ ^ re]aUve tQ ^ mmace between v and V 5 . 

70 and 72 are equal, it makes no difference which threshold £ ... ^ t . . ... . . 

value the drop represents. Simply, the voltage at intermedi- ™>. 6 ulustrates one examp e in which ^ttdmp^ 

ate node 86 is a downward-shifted, averaged voltage of the voI ^?> sufficmg as output voltages, from FIG. 4 can be 

* ut volta es u regulated voltages V A and V B are controlled about 

inpu vo ages 15 a common-mode voltage possibly using the circuit shown in 

^^oi^U>T7S^m^^t^^p^ FIG 4 Howeve mttm m y A and V £ regulate the 

of the diode is adjacent node 86 and the n-side is adjacent the d b which ^ osciUator cifcuit 94 caQ transition , If the 

output node Tins ensures an upward shift by one threshold Wmacc & to0 x thcn ^ osciU ation frequency can be 

from the voltage at node 86 to the output node. The ^upward ^ x via feed * ack {QQt shown) from the of lhe 

shift is one threshold shift equal to the downward threshold M * f {q ^ of ^ differenccs in v and 

shift of transistor 70 or 72. Tims, the output voltage will be cafl be ^ tQ ensufe m ^ oscillation fre . 

equal to the average, midscale or common-mode voltage and * Oscillator 94 can be formed in various ways. For 

is not suscepuble to threshold mismatch since all the critical ^ 9g 9fi& ^ ftfic can fee [ed ^ 

transistors 70, 72 and 78 are of the same type. ^ tQ ^ oscilktmg output> Accordin gi y> oscil . 

The voltage at the source of transistor 70 is V A -V,„ 25 lator 94 is but one example by which regulated, fully 

whereas the voltage at the source of transistor 72 is V B -V^. differential signals V A and V,, and the common-mode of 

However, since VSAT is minimal or cancels, it is of {hQSQ sigQals can be used 

transistors which are of interest. A voltage upon the inter- _ T - Mlii , r . , 1t jt/a 

j * , . 0 , ... c i, • i FIG. 7 illustrates a graph of input voltages V A and V„. As 

mediate node 86, resulting from the cancellation or minimal , . t • L a_ u tJ t (U 

. 1 . r/x/ \r \ /"l / T/ T u* l M ^„_ the mput voltages increase above a threshold amount the 

V^ r is equal to [(V A -V™)+(Vo-V™)J/2, which reduces to 30 ^ . & . . , - r 1 

nf^T/ \7n i7 V j l a j 1* *u 1, buffer circuit will begin operation and produce a linearly 

CYa+VJ^V™. The upward shifted voltage through the . 5> r , . . J 

j- j • . to • u * n i ( u -n, ^ increasing output voltage as shown. It is noted that the 

diode of transistor 78 is substantially equal to V™, Thus, the » * . . u . . 

. ^7 -1 » v //» -i j .7, *u 1* * output voltage tracks increases m the input voltages at 

addition of V™ to (V.+VoJ^-V^ will cause the voltage at • < , u * *u 1* 

the output to be equal to (V>VJ/2. a mdscale or avera B e betWeen ^ Vol,a S es - 

When V, is equal to V„ the source terminal of transistor 35 8 i"uf«tes buffer 42* according to «n alterative 

70 and 72 will be one threshold voltage below the input embodiment. Instead of using n-channel bans* ors for the 

voltage of V, or V,. The voltage at intermediate node 86 "f" transistors and the diode-coupled transfer, F G. 8 

will also be one threshold voltage below the input voltage Jh ? tr at « a ^ comparable charactenshes yet uses 

since no significant current will be passing through resistors P^^ 1 transistors. Specially, the mput transistors 70a 

74 and 76. The output voltage will be approximately one 40 and 72a ™ P^^ 1 trans^tors, as is the <hode-oaupkd 

threshold voltage above intermediate node 86, yielding a lrans f ot 78fl The second bias tranastors 82a 84a and 90a 

common-mode output. The diode-connected transistor 78 are ^ P^aiinel trans^tors. Instead of the first bias 

will draw only minimum current which can be supplied by !^ or _ bci1 * a f?' , Y ll 

another bias transistor 90 and the first bias transktor 80. FIG L 8 ^trates the first bias transistor 80* bang an 

rr on j nn u „ n „ ^ , n -channel transistor fed by an signal. An intermediate 

Transistors 80 and 90 can be quite small compared to the 45 , n ^ . J -* j 

. . 4 Xjr , 1 *u • ♦ * • * node 86 remains between resistors 74 and 76. 
other transistors. Merely as an example, the mput transistors 

can draw possibly 25.0 microamps, while transistors 80 and Circuit 42a shown in FIG. 8 operates similar to circuit 42 

90 can draw a maximum of possibly 5.0 microamps. The shown in FIG. 5. However, instead of downward shifting the 

current drawn through transistor 78 will not come from the ^ voltages and averaging those voltages at an interme- 

main current sources 82 and 84 but, instead, from minor 50 ^ node which then S ets upward-shifted to the output 

current sources 80 and 90. According to an alternative voltage, circuit 42c shown in FIG. 8 upward shifts the input 

embodiment, circuit 42 can forego current source 90. Absent voltages, averages the input voltages, and then downward 

transistor 90, current through diode 78 will come from shifts those averaged, upward-shifted input voltages. The 

transistors 82 and 84 which will add a small voltage drop result is still the same: an output voltage being equal to a 

across resistors 74 and 76 from current arising through 55 common-mode voltage whereby the shifted voltage from the 

transistor 78. This will add a small increase in voltage at input is equal to the again-shifted voltage to the output, 

intermediate node 86 which will translate to the output node. While the invention has been particularly shown and 

Thus, transistor 90 serves to offset the current provided described with reference to preferred embodiments, it will 

through transistor 78 to ensure the voltage at the output node be understood by those skilled in the art that various changes 

is a common-mode voltage and not slightly higher than a 60 ^ form and detail may be made with therein without 

common-mode voltage. However, in some applications, a departing from the spirit and scope of the invention, 

slight increase above the common-mode voltage may be What is claimed is: 

acceptable and therefore transistor 90 can be deleted. 1. A buffer circuit, comprising: 

In instances where, for example, input voltage is a pair of input nodes and an output node, wherein voltages 

greater than V B , the source of transistor 70 will accommo- 65 applied to the input nodes and a voltage produced upon 

date a voltage greater than the source of transistor 72. The the output node all differ in the same direction from a 

intermediate node 86 will average the difference, while voltage upon an intermediate node; 
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a first conductive path connected from one input node of intermediate node, and wherein a voltage across the 

the pair of input nodes to the output node, wherein the diode substantially equals a difference between the 

intermediate node is within the first conductive path voltages upon the gate terminal and the source terminal 

between the one input node and the output node; of the first or second input transistor; and 

a second conductive path connected from another input * first and second conductive paths connected from the first 

node of the pair of input nodes to the output node, second input transistors, respectively, to the output 

wherein the intermediate node is also within the second n ° d <? whc [ C11 ? ^ intermediate node and the diode are 

conductive path between the another input node of the ^ each of f d j*cond conductive paths the 

c . . j j i< * * j first resistor is within the first conductive path, and the 

pair of input nodes and the output node; fe ^ ^^tive path. 

a pair of input transistors having gate conductors coupled 10 10 ^ 5uffer circuit ^ redted m claim 9? wherein the 

to the respective pair of input nodes, such that one intermediate node is adapted to produce a midscale voltage 

respective input transistor of the pair of input transis- between the pair of voltages placed on the gate terminals of 

tors is within each of the first and second conductive the first and second input transistors minus a difference 

paths; between the voltages upon the gate terminal and the source 

a first resistor coupled within the first or second conduc- 15 terminal of the first or second input transistor. 

live path between the intermediate node and one tran- H. The buffer circuit as recited in claim 9, further 

sistor of the pair of input transistors; and comprising a bias transistor coupled between the interme- 

a diode coupled within the first and second conductive c ^ ia l t £ n J^ c ^ n ^. S roun d : 

• . i . i • . j , # . t t 12. The buffer circuit as recited in claim 10, whe rem the 

paths between the intermediate node and the output „ . . , . « . * . , ' , u 

r , r 20 output node is adapted to produce the midscale voltage 

- ™ C .* n> . - • * ■ , • * . • . * i minus the difference between the voltages upon the gate and 

2. The buffer circuit as recited in claim 1, wherein a third SQUrce terminals llls the voltage across the diode, 
conductive path is connected between a power supply and 13 ^ buffcr circuit ^ recitcd in claim 10 whcrem the 
said one input transistor of the pair of input transistors. outpm node ^ ^pted t0 produce the midscale voltage. 

3. The buffer circuit as recited in claim 2, further com- 25 14 xhe buffer circuit as recited in claim 10, wherein the 
prising a second resistor coupled between the intermediate midscale voltage is an average of the pair of voltages placed 
node and the other input transistor of the pair of input on the gate terminals. 

transistors, wherein a fourth conductive path is connected 15. The buffer circuit as recited in claim 9, further 

between the power supply and the other input transistor of comprising: 

the pair of input transistors, 30 a first bias transistor coupled between the diode and a 

4. The buffer circuit as recited in claim 1, further com- power supply; and 

prising a first bias transistor coupled to said one input a pair of second bias transistors coupled between the 

transistor of the pair of input transistors for drawing current respective first and second input transistors and ground, 

from said one input transistor of the pair of input transistors. 16. The buffer circuit as recited in claim 9, wherein the 

5. The buffer circuit as recited in claim 4, further com- 35 diode comprises a diode -connected transistor, and the diode- 
prising a second bias transistor coupled between a power connected transistor, the first input transistor and the second 
supply and the output node. input transistor are all of the same channel type. 

6. The buffer circuit as recited in claim 1, wherein each of 17. Amethod for producing a common-mode output from 
the input transistors of the pair of input transistors operates * pair of input voltages, comprising: 

at a similar threshold voltage, and the voltage upon the 4Q shifting downward each of the input voltages by an 

intermediate node is substantially equal to an average of the amount of a threshold voltage associated with an input 

voltages upon the input nodes minus the similar threshold transistor adapted to receive one of the pair of input 

voltage of the pair of input transistors. voltages; 

7. The buffer circuit as recited in claim 6, wherein the averaging the downward-shifted input voltages; and 
voltage produced upon the output node is substantially equal 45 shifting upward the averaged, downward-shifted input 
to a sum of the voltage upon the intermediate node and a voltages by an amount substantially equal to that by 
voltage across the diode, and wherein the voltage across the which the input voltages were shifted downward, 
diode is substantially equal to the similar threshold voltage 18. The method as recited in claim 17, wherein the 
of the pair of input transistors. averaged, downward-shifted input voltages comprises a 

8. The buffer circuit as recited in claim 1, wherein the 5Q common-mode voltage reduced by the downward shifting 
diode comprises a diode-connected transistor, and the diode- step. 

connected transistor, a first input transistor of the pair of 19. The method as recited in claim 17, wherein said 

input transistors and a second input transistor of the pair of upward shifting of the averaged, downward-shifted input 

input transistors are all of the same channel type. voltages produces the common-mode output. 

9. A buffer circuit, comprising: 55 20. Amethod for producing a common-mode output from 
first and second input transistors, each of which includes a pair of input voltages, comprising: 

a gate terminal and a source terminal; shifting upward each of the input voltages by an amount 

first and second resistors of substantially equal resistive of a threshold voltage associated with an input transis- 

value coupled to the source terminals of the respective tor adapted to receive one of the pair of input voltages; 

first and second input transistors, wherein the first and 60 averaging the upward-shifted input voltages; and 

second resistors are coupled together via an interme- shifting downward the averaged, upward-shifted input 

diate node; voltages by an amount at least equal to that by which 

a diode coupled between the intermediate node and an the input voltages were shifted upward, 

output node, wherein a voltage produced upon the 21. The method as recited in claim 20, wherein the 

output node and a pair of voltages placed on the gate 65 averaged, upward-shifted input voltages comprises a 

terminals of the first and second input transistors all common-mode voltage increased by the upward shifting 

differ in the same direction from a voltage upon the step. 
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22. The method as recited in claim 20, wherein said 24. The method as recited in claim 20, wherein said 
downward shifting of the averaged, upward-shifted input downward shifting is by an amount greater than that by 
voltages produces the common-mode output. which the input voltages were shifted upward. 

23. The method as recited in claim 20, wherein said 
downward shifting is by an amount equal to that by which 5 

the input voltages were shifted upward. * * * + * 
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